In order to assess the potential of nurser y grown tropical tree seedlings for reforestation success in Ghana, we compared growth characteristics and foliar physiological traits of Cedrela odorata L. and Terminalia superba Engl. and Diels in a 2 nutrient 2 sunlight factorial experiment. After approximately 16 weeks of a pot trial study, we found variations in the effect of light and/or nutrient addition on the parameters examined for C. odorata and T. superba . Both species attained greatest relative height growth rate (RHGR) at 33% sunlight with fertilization. However, the pioneer species, T. superba showed superior RHGR at both light treatments, especially in the fertilized pots. Allocation to leaf and root followed patterns typical of plants growing in sun or shade conditions. Greater root mass ratio was found in fer tilized plants of T. superba than in fer tilized plants of C. odorata at 100% sunlight. N fertilization enhanced relative Chl content of both species and without fertilization, 100% sunlight-grown foliage of C. odorata showed reduced Chl content. At 100% sunlight, fertilization enhanced F v /F m of C. odorata and thus, reduced the specie s susceptibility to photoinhibition. Foliar N concentration of both species was higher in the fertilized than control pots, whereas P concentration response to the light-nutrient treatments was species-specific. Superior biomass production in fertilized plants grown at 100% sunlight suggests that C. odorata and T. superba may be suitable for planting in large gaps and/ or exposed sites. Based on our results, we recommend longer hardening periods plus fertilization of the seedlings in an exposed nurser y, which may enhance their acclimation and thus, stimulate their growth when planted in the field. K e y w o r d s : C e d r e l a o d o r a t a , c h l o r o p h y l l fluorescence, foliar nutrient, nurser y, relative height growth rate, Terminalia superba
INTRODUCTION
). T. superba seedlings are also known to thrive best in medium to large gaps (Hawthorne, ) . Nitrogen (N) and phosphorus (P) fertilization have been reported to have a great effect on biomass production and hence, improve seedling growth and quality (Mexal & Landis, ; Webb et al. ) . In another study, fertilization had a minor influence on seedling morphology of C.
odorata but shade had a strong influence on the seedling morphology in a nursery (Mexal et al. ) . The level of light required for optimal growth is species-specific and differences in growth responses of tropical forest tree seedlings to light and nutrient inputs could be influenced by their successional status (Thompson et al. ; Reich et al. ) . Some typical features of pioneer species and light-demanding trees are that they have capacity for rapid growth, especially in height when young (Richards, ) . Pioneers tend to exhibit higher plasticity than non-pioneers in biomass allocation patterns in different irradiances (Pons, ; Swaine & Whitmore, ) .
The ability of open-field-grown seedlings to adjust physiologically to high irradiance exposure may indicate a species acclimation to high light (Powles, ), which may enhance reforestation success in the field.
Chlorophyll, which contains high amounts of nitrogen, is a major component of the light har vesting complex of photosystem II (PSII) (Lüttge, ). Since PSII has been shown to acclimate to changing light conditions (Mitchell, ; Griffin et al. ) , it may imply that nitrogen supply is important for light acclimation process 
MATERIALS AND METHODS

Plant material and study species
Seeds of Cedrela odorata L. and Terminalia superba Engl.
and Diels were collected from the Brong-Ahafo Regional 
Growth conditions and experimental design
The study was conducted in a nursery at the Agricultural Mean air temperatures varied less than . ˚C between the unshaded and shaded frame. Mean relative humidity was . % higher in the shaded frame.
The transplanted seedlings were conditioned under a partial shade for days after which they were moved into the shade frames on July , . Before the start of treatment, an initial random sampling of five seedlings each of C. odorata and T. superba was conducted from the two-month-old seedlings. Therefore, the study design for the remaining plants were nutrients sunlights, which included seven seedlings of each species randomly located within each frame.
Half of each of these sets of pots was fertilized, and the other half (non-fertilized) was kept as a control. A : : (N : P O : K O) Hyponex nutrient solution plus trace elements were applied to each pot at an increasing rate as the plant grew. Initially, nutrient solution was applied bi-weekly at a rate of ml per pot using a diluted . % nutrient concentration from July −August . Subsequently, from August − , the nutrient solution applied to the pots was increased to ml, and from August −September , the nutrient solution applied was further increased to ml bi-weekly at the same nutrient concentration. The control pots were supplied with equal quantity of water each time the nutrient solution was administered to the fer tilized pots.
Additional water, when necessar y was supplied to the pots, especially those in % sunlight to prevent the occurrence of water stressed condition. The potting mix allowed free draining of excess nutrient solution from the pots. The weight equivalent of N, P and K applied to each fertilized pot over the treatment period was . ,
. and . g, respectively. The pots were periodically repositioned to prevent shading and to randomize any ef fect of position across all pots within each frame.
Each pot was placed at least cm from the edge of the shade frame. The experiment period, July to October , represented summer and fall climatic conditions of Miyazaki, which are suitable for growing tropical trees.
Morphological measurements
Five plants per species har vested at transplant (before treatment) were measured for seedling height (H), leaf area (LA) and dr y mass of each organ (Table ) . leaf mass per unit plant mass g g − ); stem mass ratio (SMR, stem mass per unit plant mass g g − ); root mass ratio (RMR, root mass per unit plant mass g g − ); leaf area ratio (LAR, leaf area per unit plant mass cm g − ) and specific leaf area ratio (SLA, leaf area per unit leaf mass cm g − ).
To determine the relative height growth rate (RHGR), all the seven plants/species/treatment from the two frames were measured for initial and final height using the formula given by Hunt ( ) as follows: 
Chlorophyll fluorescence measurements
Three healthy seedlings per species without symptoms of leaf damage were selected for measurement from the seven seedlings in each of the treatment combination. , and Relative height growth rate (RHGR; cm cm − day − ), leaf area ratio (LAR; cm g − ), Specific leaf area (SLA; cm g − ), leaf mass ratio (LMR; g g − ), stem mass ratio (SMR; g g − ) and root mass ratio (RMR; g g − ).
Shade treatment was not replicated due to logistical c o n s t r a i n t s . F o r e a c h s p e c i e s , p l a n t s i z e a n d morphological data at the last sampling and foliar responses were subjected to a two factorial ANOVA analysis, with sunlight and nutrient being the variable factors. One-way ANOVA was done for the sunlight and nutrient treatment combination where a significant effect was detected by the two-factorial ANOVA. Multiple pair-wise comparisons of means were performed with LSD test for mean separation. All statistical tests were performed using SYSTAT ® . (Statistical software Inc., Richmond, CA, USA). Significant differences are reported as P < . , P < . and P < . .
RESULTS
Significance levels indicated by the probabilities of larger
ANOVA F−values for nutrient and sunlight effect on plant size, allocation to plant organs and morphology of C. odorata and T. superba, respectively, are summarized in Table . Plant size
In both species, nutrient had a much stronger influence on the size parameters (H, LA and total plant mass) than sunlight (Table ) . Hence, in both species, plants 
Plant organs and allocation
In C. odorata, leaf mass, stem mass and root mass were significantly influenced by nutrient and sunlight treatments, whereas in T. superba, the mass of plant organs were influenced only by nutrient treatment (Table   ) . 
Foliar nutrient concentration
Significance levels, indicated by the probabilities of larger ANOVA F−values for nutrient and sunlight effect on foliar %N and %P of C. odorata and T. superba, respectively, are summarized in Table . Foliar %N at and % sunlight were significantly higher in the fertilized than control pots of C. odorata and T. superba, respectively (Fig. A) Fig. B) . Table . At and % sunlight treatments, fertilized plants of both species had higher Chl content than control plants, respectively (Fig.   A ). In the control pots of both species, only C. odorata showed significantly higher Chl content at than % sunlight (Fig. A) .
Plants from fertilized pots of C. odorata had higher F v /F m ratio than plants from control pots at and % sunlight treatments, respectively (Fig. B) . On the other hand, in T. superba, plants from fertilized pots had significantly higher F v /F m ratio than plants from control pots at only % sunlight treatment.
DISCUSSION
Seedling growth traits as influenced by light and nutrient availability
Greater biomass production as a result of nutrient odorata at % sunlight. At the initial sampling before treatment (i.e., transplant stage), mean total plant mass of C. odorata was greater than T. superba by a -fold (Table   ) . However, at the last sampling (i.e., final harvest), when mean total plant mass of both species were compared in the control pots, C. odorata was again greater than T. superba by a . −fold (Fig. C) A and B) . This finding is consistent with other studies, irrespective of fer tilization (Fig. I) . In contrast, C. odorata showed higher RMR at than % sunlight only in the fertilized pots (Fig. I) Foliar %P responses of two species to the treatments were dif ferent. C. odorata and T. superba showed maximal foliar %P at % sunlight with fertilization and % sunlight without fertilization, respectively (Fig. B ). There is a wide diversity in the ability of tropical tree species to in the control pots (Fig. A) . However, with nutrient additions at this high light, C. odorata gained more Chl and the difference in Chl content between the two species was reduced to % (Fig. B) . Hence, at % sunlight with fertilization, acclimation of C. odorata to this light condition was improved and subsequently, growth of the species was enhanced. Navar ro, C., Montagnini, F & Her nandez, M. . 
Genetic variability of
